Epidural analgesia (EA) is considered the gold standard in postoperative analgesia for colonic resection surgery 1 . In recent years, the use of transversus abdominis plane block (TAP) has been advocated as an alternative analgesic technique after abdominal surgery. Only limited evidence supports that single-shot TAP, plus multimodal analgesia, is effective in reducing pain scores and opioid use after abdominal surgery [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . Recently, Niraj et al compared EA to TAP with intermittent bolus doses and found no significant advantage of EA 12 . We showed previously that continuous infusion TAP resulted in lower postoperative pain scores than intravenous fentanyl patient-controlled analgesia alone 13 . A recent systematic review stated that our understanding of TAP is limited and that future research needs to be focused on indications, mode and timing of TAP drug delivery, local anaesthetic solutions and administration regimens 2 . We present what we believe is the first study to compare continuous TAP with EA for postoperative pain control after abdominal surgery. The primary aim of the study was to compare these techniques with regards to analgesic efficacy.
MATERIALS AND METHODS
Approval was obtained from the Queen Elizabeth Hospital Ethics Committee (2009061). This trial was registered with Australian and New Zealand Clinical Trial Registry (ANZCTRN12610000099022). Inclusion criteria were: patients undergoing elective major abdominal surgery with midline incision; between 18 and 80 years of age; American Society of Anesthesiologists (ASA) score 1 to 3; and adequate English language skills. Exclusion criteria were: allergy to local anaesthetic; pregnancy; regular opioid medication prior to surgery; intellectual impairment or psychiatric condition precluding adequate communication; spinal cord disorder; 
SUMMARy
Transversus abdominis plane block is an effective postoperative analgesic technique after abdominal surgery, but no study has compared continuous transversus abdominis plane block with continuous epidural analgesia.
We designed a randomised controlled trial comparing these techniques for major abdominal surgery. Patients in the epidural group received a bolus of 8 to 15 ml of ropivacaine 0.2% and an infusion of 5 to 15 ml/hour and the transversus abdominis plane block group a bolus dose of 20 ml of ropivacaine 0.375% bilaterally and an infusion of 0.2% ropivacaine 8 ml/hour bilaterally, for three days. Both groups received paracetamol and patient controlled analgesia with fentanyl for three days. Primary outcomes were numerical rating scores for pain (rest and dynamic over 72 hours) and total fentanyl use; complications and satisfaction scores were also noted.
The study was terminated early after 42 patients had been randomised (epidural n=19; transversus abdominis plane block n=22; one excluded). No differences were found in regards to point pain scores or scores over time, either immediately postoperatively or in surgical wards; total fentanyl requirement and Likert satisfaction scores were also similar in both groups. In this underpowered study we found comparable results between continuous transversus abdominis plane technique and epidural analgesia in regard to pain, analgesic use and satisfaction after abdominal surgery. To confirm this finding, randomised trials with larger numbers of participants are needed. bleeding disorder; and infection near the proposed catheter insertion sites. The anaesthetist assessing the patient obtained written informed consent in the pre-admission clinic. The primary outcomes were at rest and dynamic pain scores and analgesic use over three days. Secondary outcomes were satisfaction, technical difficulties and complications.
For both groups general anaesthesia was standardised, using sevofluorane in oxygen and air, fentanyl titrated to effect and rocuronium. Preoperatively the EA patients had an epidural catheter placed at T7 to T9 by an anaesthetist. The TAP patients received bilateral TAP catheters at the end of the surgery, inserted by the primary investigator (VRK). In the EA group, an 18-gauge Tuohy needle with loss of resistance to saline was used and a test block administered at that time. At the end of the procedure, before shifting to the post-anaesthetic care unit (PACU), a bolus of 8 to 15 ml of ropivacaine 0.2% was given, followed by ropivacaine 0.2% infusion at 5 to 15 ml/hour (rate based on clinical effect, which was assessed regularly by the acute pain service) for three days.
In the TAP group the catheters were inserted through an 18-gauge Tuohy needle using an ultrasound-guided approach at the end of the surgery. A posterior approach was used in all cases except for patients undergoing upper gastrointestinal surgery, who had a subcostal approach 6, 14 . In this group a 20 ml bolus of ropivacaine 0.375% was administered prior to insertion of an 18-gauge clear epidural catheter with three side openings within 1.5 cm of the tip (Portex, Smith Medical Australasia Pty Ltd, Brisbane, Australia) and followed by an infusion of 0.2% ropivacaine for three days through each catheter at 8 ml/hour. In both groups, infusion commenced at the end of the surgical procedure.
All patients were provided with paracetamol 1.0 g QID (orally or intravenous) and fentanyl patientcontrolled analgesia (bolus 10 to 40 µg, lockout time five minutes, no background infusion) as part of a multimodal approach that did not include nonsteroidal anti-inflammatory drugs.
The following variables were assessed: at rest and dynamic (on coughing) numerical rating scores for pain (0 to 10) in the PACU at time 0 (on arrival) and one hour (by the PACU nurse); and in the postoperative ward on days 1, 2 and 3 (by the acute pain service); fentanyl use in the PACU and in the postoperative ward on days 1,2 and 3; procedure-related technical issues; duration of catheterisation; potential sideeffects or complications of the technique; rescue medication required; and patient satisfaction with the analgesic technique used, assessed by a fourpoint Likert scale on day three and at one month (Likert scale: 1=completely relieved; 2=relieved; 3=somewhat relieved; and 4=not relieved).
For the statistical analysis by intention to treat, the primary and secondary outcomes were analysed using a linear mixed-effects model (random intercept [patients] model), with time entered as a factor variable 15 . For other continuous variables of interest, a two-sample t-test (unequal variance) was employed and Fisher's exact test was used for binary variables. Data summaries are presented as mean (SD) or median (range) for skewed variables (for example, pain scores) where values of '0' were recorded. In a previous report, we found a mean peak dynamic numerical rating score for pain of 5 (SD 2) 16 . Appropriate data from other comparable trials were not available during the design phase of the trial so a study power estimate was based on an approximate scenario, derived from the report of Mann et al in which patient numbers (for 80% power) were between 32 (two point or 40% mean decrease in score) and 128 (one point or 20% decrease in score) 17 . On this basis, using a peak dynamic pain score of 5 (SD 2), it was proposed to randomise 82 patients to the two treatment arms, using variable block sizes of four, six and eight 18 . This computer-generated randomisation allocation sequence was concealed in numbered opaque, sealed envelopes determining EA or TAP technique. Randomisation was performed in the holding bay prior to surgery by the anaesthetist involved. Neither the participants nor the assessors were blinded.
RESULTS
The intention was to randomise 82 patients in total and recruitment commenced in March 2010. However, due to slow recruitment and a change of surgical practice in our hospital with a shift from open to laparoscopic surgery, we were compelled to cease patient recruitment in August 2011 at a sample size of 42. Of these, one EA group patient was excluded due to inability to insert the epidural catheter, leaving 41 patients for analysis ( Figure 1 ). Final follow-up occurred in October 2011. Table 1 shows the patient demographics and details by technique. The average time of catheter insertion in the EA group did not differ from the TAP group. Although initially all epidural catheters provided acceptable pain relief, five epidural catheters had to be removed early due to inefficacy (three catheters removed after 24 hours and two catheters after 48 hours). In the TAP group two patients had catheters removed after 24 hours and three after 48 hours as a result of leakage at the insertion site(s) and incomplete block. The dermatomal sensory block levels (assessed with ice) in the EA group ranged from T4 to T12 and in the TAP group from T9 to L1. Table 2 shows pain scores and fentanyl use over time. There was no treatment (TAP vs EA) difference demonstrated in the pain score in the PACU (0 and 1 hour) or in the wards (days 1 to 3) either at rest or dynamically (P ≥0.1). Pain at rest decreased significantly on day 3 versus day 1 (88%, P=0.006) and dynamic pain also decreased significantly (155%, P=0.006). There was no difference between the treatment groups for daily or total fentanyl use (P=0.99).
No difference was found at 72 hours or 30 days in satisfaction with the technique (mean score of 2 for both TAP and EA, P=0.47). Length-of-stay did not differ (t-test, P=0.79, Table 1 ). The majority of patients underwent colonic resection surgery.
Four patients in the EA group had hypotension within six hours after surgery, but responded well to a combination of low-dose metaraminol and fluid load. No hypotension was seen in the TAP group. In the EA group, there was one dural puncture without the development of post-dural puncture headache. In the TAP group one case of unilateral patchy sensory deficit was found in the L1 to L2 dermatome-this recovered after 48 hours. In one TAP patient it was technically difficult to locate the plane due to previous surgery as fibrosis limited the space for hydrodissection, but an adequate block was achieved.
DISCUSSION
We believe this is the first reported study to compare continuous infusion TAP with EA in major abdominal surgery. Until now, the latter has been considered the reference standard for postoperative analgesia after abdominal surgery 19 . The nonsignificant differences found, which may have been influenced by the inadequate sample size, do not allow any firm conclusions to be drawn about the efficacy of each technique after abdominal surgery.
Except for initial pain scores, our results for analgesia and satisfaction were consistent with those found in our retrospective study 16 . In that study, there was a significant reduction in pain score at one hour in favour of epidural analgesia, probably because some of the cases had the epidural infusion started intraoperatively. As single-shot TAP tends to wear off within 24 hours of major abdominal surgery, the duration of effect can be extended by applying a dual catheter technique 9 . Using an intermittent bolus TAP catheter technique versus epidural analgesia, Niraj et al found similar analgesic effects to our study 12 . Their study was also different from ours in that all patients had epidural anaesthesia intraoperatively (prior to half changing to TAP), in the relatively high numbers of TAP catheter dislocations, in the lack of information on total morphine use, and in that the systemic effects of epidural fentanyl were not taken into account. We decided to use a continuous TAP technique based on our experience with this technique and on the rationale that a continuous infusion would provide the most stabile analgesic profile 16 . We opted to place the epidural catheters prior to the surgical procedure, due to the positional requirements for insertion and potential risk of neurological damage under general anaesthesia.
The study has a number of limitations. We elected not to use the epidural catheter during the surgical procedure, precluding an additional analgesic effect of a block during surgery, but thus avoiding compromising a direct comparison between the techniques. We acknowledge that the lack of intraoperative epidural block may have influenced the efficacy of the postoperative epidural technique. The TAP catheters were not inserted prior to the procedure, but postsurgery when the patient remained anaesthetised, to avoid catheters interfering with the surgery (incision, drains, stoma).
Ropivacaine alone was used for the epidural infusion so as not to compromise the use of fentanyl patient-controlled analgesia, which may also have affected the overall efficacy of the epidural infusion. The evidence supporting a synergistic relationship between epidural opioids and local anaesthetics is weak 20 and an intravenous opioid was available to all patients.
Once mastered, the insertion of TAP catheters is not more time consuming than epidural catheter placement. just as epidural catheters should be sited at an appropriate level for the surgical procedure, TAP catheters also need to be placed to allow suitable spread of local anaesthetic in the relatively large transversus abdominis plane. Lower abdominal surgery allows for a 'traditional' posterior approach, but upper abdominal procedures require a higher subcostal approach 6, 14 . The TAP requires a relatively large volume, so a low concentration (0.2%) and high volume of ropivacaine was administered to each site. Using such infusions, our retrospective study did not reveal any toxicity issues 16 and nor did a recent study Anaesthesia and Intensive Care, Vol. 41, No. 4, July 2013 performed in our institution; however, ropivacaine levels approached near toxic levels with an infusion regime of 10 ml/hour per catheter (unpublished data). Borglum et al 21 , using magnetic resonance imaging of single-shot TAP blocks, could not demonstrate communication between the upper subcostal and lower classic TAP compartments. From our experience that may be true for the lower classic approach, but full coverage of the transversus abdominis plane can be achieved after an upper subcostal approach if the hydro-dissecting technique described by Hebbard et al and a continuous infusion is used 14 .
Epidural analgesia is potentially more flexible in providing analgesia for the relevant dermatomes and, in contrast to the TAP technique, it also covers part of the visceral innervation involved in the surgery. Despite this, our study showed no difference between the groups for fentanyl use, suggesting that the visceral pain component is less pronounced than the somatic component. Whether the regional sympatholytic effect of epidural block is of benefit is unclear. The reported reduction in stress response and stress-induced immunosuppression has not been proven to provide long-term outcome benefits [22] [23] [24] . It is even possible that these effects are only sensory-block related and do not require an epidural approach, but no data are available in relation to stress response and stress-induced immunosuppression associated with TAP block. Hypotension due to the sympathetic block is a clinical issue after an epidural block 25 and it carries the risk of rare but dreaded neuraxial complications 26 . TAP blocks do not have the same risk profile, and reduced haemodynamic monitoring requirements and lack of lower limb motor weakness are advantages compared to epidural analgesia. Coagulation issues are also less critical in TAP block 26 . We opted to not reinsert catheters in the ward after dislodgement because of the logistical issues. Satisfaction scores suggest that both techniques were acceptable to patients.
During the trial, there was a change in surgical practice in our institution with an increase in laparoscopic colonic resection, leading to fewer open cases. We then included upper gastrointestinal and urology surgery but, due to time constraints dictated by the change of surgical practice, patient recruitment was ceased prematurely. Our study therefore has a high likelihood of type 2 error. In retrospect, we could have conducted a non-inferiority study, but this too would have suffered similarly from a high chance of type 2 error.
Based on our results, in a multimodal analgesia setting, the continuous infusion transversus abdominis plane technique did not differ in efficacy from a postoperative only epidural technique after abdominal surgery, making it a potential alternative; however more and larger randomised trials are needed to confirm these findings.
